ABSTRACT
INTRODUCTION
The phenomenon of relapse is well recognized and documented in the orthodontic literature (1, 2) . After active treatment is complete, long-term preservation of the corrected tooth positions is desirable, both for the clinician and for the patient.
Unwanted post-treatment tooth movements have been attributed to a number of factors including periodontal fiber reorganization (3) , growth changes after treatment (4) , and type of treatment undertaken (5) . To counter such relapse, the employment of bonded retainers to the mandibular (6) or maxillary (7) incisors has become an established part of orthodontic practice. Bonded lingual retainers are fabricated in various designs which consist of a combination of different wires in various sizes and of different compositions (8) . Traditionally, bonded retainers have been attached to the teeth with composite. Various composites have been described for use in this technique including both restorative and orthodontic bonding materials. Thinning of the (1) Master student. Department of Orthodontics, College of Dentistry, University of Baghdad. (2) Assistant Professor, Department of Orthodontics, College of Dentistry, University of Baghdad composite was previously advised to obtain the best handling characteristics, but there was still some difficulty (9) . Recently, the use of flowable composites, which were originally created for restorative dentistry by increasing the resin content of traditional microfilled composites, have been suggested for bonding lingual retainers (10) (11) (12) . This in vitro investigation aims to compare selected materials that are available for use in the construction of bonded orthodontic retainers to identify materials that may improve the clinical performance of these retainers. The wire tensile forces were tested in tensile model using three different types of lingual retainer wires with two types of bonding materials and two thickness of composite.
MATERIALS AND METHODS
Three types of retainer wires were used in this study:
1 Cylindrical acrylic blocks ( Figure 1) were prepared in metal molds, 25 mm in diameter and 10 mm height. Forty blocks were allocated to each of the three test groups, with a hole 3 mm in diameter and 4 mm deep in the upper surface of each block to represent the length of wire embedded in composite clinically in a bonded retainer. A 1 mm-wide groove in the upper surface across the diameter of the block to accommodate the wire. The groove with different depths of 1.0, 2.0 mm in each test group to represent the total depth of the wire and composite material on the tooth surface (13) .
Figure 1: Acrylic blocks
Thin uniform coat of the bonding agent was applied by brush on surfaces of the hole of each block to be bonded. A 10-cm length of the tested wire was placed at the base of the groove and the empty insert in the center of the slot was filled with the testing material using the appropriate syringe, and excess is removed by carver. The composite was then light cured for 40 seconds. The ends of the wire were drawn up and twisted at a distance of 1 cm so that they could be secured using the attachment arm of the tensile load cell of the universal testing machine. With this arrangement, a force could be applied perpendicular to the long axis of embedded wire to cause wire pull out (13) . (Figure 2 ) After completion bonding procedure, the specimens were allowed to bench set for 15 minutes to ensure complete polymerization of adhesive material. Then the specimens were immersed in artificial saliva and stored in the incubator at 37°C for 24 hours prior to tensile test. Tensile test was accomplished using a TiniusOlsen Universal testing machine with speed of 10 mm/minute. The connected ends of the wire were secured and drawn up until separation of wire from composite occurs. The maximum force required to remove the wire from the composite was recorded (13) (Figure 3 ). The force required to remove the wire from the composite was recorded in Newton (N).
Figure 3: Tensile test

Statistical Analysis
Data were collected and analyzed using SPSS (statistical package of social science) software version 17 for windows XP. In this study the following statistics were used: 1. Descriptive Statistics: including; mean and standard deviation. 
R RE ES SU UL LT TS S Descriptive statistics and wire type's differences in each thickness in flowable composite
Descriptive statistics were performed for the three types of retainer wires (3 braided, 8 braided, and 6 coaxial) in each thickness of flowable composite. The (8 braided wire) showed higher Tensile force measurement Orthodontics, Pedodontics and Preventive Dentistry 169 mean values of tensile force than the 3 braided and 6 coaxial wires in both thickness of flowable composite and the (6 coaxial wire) showed the lowest value of tensile force in thickness 1 mm of flowable composite while in thickness 2 mm the (3 braided wire) showed the lowest value. (Table  1) One way analysis of variance (ANOVA) showed a highly significant difference among the mean values of tensile forces of the three types of retainer wires in each thickness of flowable composite. (Table 1) Then the least significant difference (LSD) test was performed to differentiate between the types of retainer wires in each thickness of flowable composite and showed a highly significant difference between wire types with exception of a non significant difference between (3 braided) and (8 braided) in 1 mm thickness and a non significant difference between (3 braided) and (6 coaxial) in 2 mm thickness of flowable composite. The (8 braided wire) showed higher mean values of tensile force than the 3 braided and 6 coaxial wires in both thickness of non-flowable composite and the (6 coaxial wire) showed the lowest value of tensile force in thickness 1 mm of flowable composite while in thickness 2 mm the (3 braided wire) showed the lowest value. (Table  2) One way analysis of variance (ANOVA) showed a highly significant difference among the mean values of tensile forces of the three types of retainer wires in each thickness of non-flowable composite. (Table 2) Then the least significant difference (LSD) test was performed to differentiate between types of retainer wires in each thickness of non-flowable composite and showed a highly significant difference between wire types in each thickness of composite with exception of a non significant difference between (3 braided) and (8 braided) in 1 mm thickness of composite and between (3 braided) and (6 coaxial) in 2 mm thickness of composite. Descriptive statistics were performed for the two types of bonding materials (flowable, non flowable composites) of thickness 1 mm in each retainer wire type.
The non-flowable composite showed higher mean values of tensile force than the flowable composite in each type of retainer wires (Table 5) . T-test showed a highly significant difference between the two types of composite in each wire type of 1 mm thickness of composite (Table 5) . The non-flowable composite showed higher mean values of tensile force than the flowable composite in each type of retainer wires. (Table 6) T-test showed a highly significant difference between the two types of composite in each wire type of 2 mm thickness of composite. (Table 6 ) 
DISCUSSION
Type and diameter of wire
The flattened eight-stranded wires (Reliance) with width of 0.64 mm (0.025 inch) gave the highest force values, followed by the threestranded wires (Orthotechnology) with width of 0.71 mm (0.028 inch), this is because increasing the number of strands incorporated in each wire will increase the surface area of adhesion with the composite, while the six-coaxial wires (Orthoclassic) with width of 0.495mm (0.0195inch) giving the lowest value because the larger diameter wire, with greater surface area increase the retention of the wire with the composite when it is being pulling out of the composite.
Thickness of Composite
The force required to remove the wire from the composite increased, as expected, as the thickness of composite increased, the thickness of composite that actually overlies the wire is obtained by subtracting the wire depth, in this investigation 0.2 mm, from the depth of the groove. Therefore the thickness of composite overlying the wire in the 1.00 mm group is 0.8 mm, and in the 2.00 mm group represents specimens with 1.8 mm thickness of composite overlying the wire.
Type of composite
Statistical analysis reveals that there is highly significant difference between light cure retainer (non flowable composite) and light cure flowable composite as the light cure retainer (non flowable composite) give higher force values than the flowable composite. This is because as thinning of the composite advised to obtain the best handling characteristics but increasing the resin content of traditional microfilled composite as the flowable composites has a 20% to 25% lower filler content than conventional composites, in addition, a greater proportion of diluent monomers can be added to the composition, resulting in an increase in the ratio of resin to filler and a reduction in viscosity, this improved flowability allows these resins to be packaged in syringes with smallgauge dispensing needles, facilitating and simplifying placement. For direct resin-based materials (non flowable), the greater the filler content, the greater the mechanical properties, while flowable resins have significantly lower mechanical properties than conventional composites with their lower filler content, they are less rigid (lower elastic modulus) than conventional composites, this reduces the amount of force needed to remove the wire.
